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FIRE KETARDANT GRANULES FOR THERMOPLASTIC POLYMERS 



Cross Reference to Related Application 

This, invention relates to copending United States 
patent application Serial No. 763,530 filed September 23, 
1991 entitled "Cyanurate Based Fire Retardant Concentrates,'* 
now U.S. Patent No. 5,135,974 issued August 4, 1992. 

f j,e3,a ff^ t]bie Invention 

The present invention, is directed to the field of 
fire retardant thenrioplastics . It is directed more particu- 

10 larly to a two-step method of preparing fire retardant grcoi- 
ules for thermoplastic polymers in a mechanically fluidized 
stationary cylinder. In the first step, a fire retarding 
agent is mixed with a fluid thermoplastic polymer at a tem- 
perature exceeding the polymer solidification temperature to 
fozm a homogeneous mixture; and in the second step, the mix- 
ture is solidified into homogeneous granular form by cooling 
while operation of the fluidizing granule forming cylinder 
is continued. The present invention provides an improved 
and economically practical method of preparing new homogene- 

20 ous fire retardant compositions containing higher concentra- 
tions of fire retardant agents than heretofore possible, and 
which are highly resistant to burning. These granules may 
be readily used as fire retardant concentrates for effec- 
tively melt blending with other thermoplastic polymers and 
plastics to impart fire retardancy thereto. 

Background of the Invention 

It is known that the flammability of polymers and 
plastics may be reduced by the addition of fire retarding 
agents. It is also known that these fire retarding agents 
30 may be iaixed with thermoplastic polymers in concentrated 
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fcnns, someti^ called master batches, for -""g with 
other thermoplastic polymers and plastics to impart f xre 

A large number of substances have shown proper- 
ties of retarding fire and reducing flammability of thermo- 
ties or rei^ ^ .„„^n^iatelv used as fire retarding 

plastics, and some are appropriately usea 
Agents in thermoplastic polymers and plastics.. These fxre 
•rltarding agents are usually solids exhibiting several of 
the following properties: high melting or 
10 points, endothermic degradations, resistance to attrxtxon, 

and intumescence. j,i 

These fire retarding agents may be blended di- 
rectly with thermoplastic polymers in a conventional dry 
hSdL such as a V-type blender. The .i.e retarding agents 
are usually available as powders, but the thermoplastic 
polymers are normally available as extrusions J^^^l' 
Pow^ and extrusions are difficult to blend and xmpossol^le 

to keep and use in a homogeneous condition.. 

The fire retarding agents may be melt blended by 

20 mixing in a mass of molten thermoplastic resin, and then 
discharged to be broken up into appropriately sized solid 
parSSs. The normal method for breaking up the particles 
consists of extruding molten material through a die, and 
ZAln, the extruded die strands until they -lidifV^e 
solidified strands are then chopped into 
The method most widely used continuously feeds ^^^^^ 
retarding agent in powder form to a twin screw melt bl^d^ 
Tona wiL the thermoplastic polymer- Although the method 
^rldLlHatisfactory fire retardants. it has several severe 

30 drawbacks and limitations. 

screw type melt blenders are expensive and the 
wear on the screws from feeding powders of ^i-.-^"^^"^ 
ag'ts is substantial, costly, and requires periodic shut- 
7Zs to repair, rework, or replace blender screws and 
bl^s worn by the abrasive fire retardant powders, 
barrels w J^^^ aforementioned methods of pre- 

paring fire retardants for thermoplastics, concentrates of 
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f ire retarding agent in thermoplastic polymers may be pre- 
pared which may be in turn melt blended with other thermo- 
plastic polymers and plastics to impart fire retardancy 
thereto. However, such a practice is strongly limited by 
the relatively low concentrations which may be prepared, the 
lack of homogeneity, the poor mechanical properties of the 
concehtra ted . fire retardants prepared, and poor or impossi- 
ble mechanical operations at high fire retarding agent 
concentrations . 

10 Another problem of the prior art methods of pre- 

paring thermoplastic fire retardant particles is that the 
thermoplastic polymers used in the methods must be substan- 
tially free of water or low boiling solvents. If more than 
a trace of moisture is added to, or contained by, the ther- 
moplastic polymer in the methods of the prior art, the ap- 
paratus must be equipped with special vents or the fire 
retardant psurticles produced will contain foam caused by the 
liquids evaporating in the melt blender. 

The use of a screw type melt blender in produc- 

20 ing fire retarding thermoplastic resins is demonstrated by 
Tsutsami in U.S. Patent No. 4,001,177, where he was able to 
produce a flame retarding composition containing between 3 
and 40 percent melaraine and between 0.5 and 20 percent iso- 
cyanuric acid. In U.S. Patent Nos. 4,321,189 and 4,363,890, 
Oshita and Tsutsami advanced the art further in producing a 
flame retardant melamine cyanurate in nylon. However, they 
were limited to a maximum fire retarding agent concentration 
of about 30 percent, and higher concentrations downgraded 
the mechanical properties of the nylon. 

30 Oblects of the Invention 

A primary object of this invention is to overcome 
the problems cited in the prior art by providing a new meth- 
od by which fire retarding agents may be effectively incor-. 
porated into fire retardant thermoplastic polymer gremules. 

A further primary object of the invention is to 
provide a method of producing fire retardant thermoplastic 
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polymer granules in an economical procedure exhibiting low 
wear and maintenance on blending equipment. 

A further primary object of the invention is to 
provide a method of producing fire retardant th«n»oplastic 
polymer granules exhibiting good physical properties and 
containing higher concentrations of fire retarding agents 
than heretofore practical. 

A further primary object of the invention xs to 
provide a method of preparing homogeneous fire retardant 
10 thermoplastic polymer granules. 

A further primary object of tlxe invention is to 
provide new a^d economical thermoplastic polymer fire retar- 
dant granular coi.5,ositions containing higher concentrations 
of fire retarding agents than heretofore practical. 

A further primary object of the invention is to 
provide a homogeneous thermoplastic polymer fire retardant 
concentrate for effective melt blending with other thermo- 
plastic polymers and plastics to impart fire retardancy 
thereto. 

20 f»»imBai-v of thP Tnventjon 

The present invention provides a two-step method 
of preparing fire retardant granules for thermoplastic poly- 
r^rs and plastics by mixing a fire retarding agent with a 
fluid thermoplastic polymer at a temperature exceeding its 
solidification temperature until a homogeneous mixture is 
formed and then solidifying the fluid mixture by cooling to 
a temperature less than the solidification point of the 
thermoplastic polymer until the fire retardant agent is 
bound together as homogeneous granules by a matrix of solid 

30 thermoplastic polymer. 

It has been discovered that the foregoing method 
»ay be carried out with improved effectiveness in a station- 
ary granulating cylinder containing mixing elements, mounted 
to a central shaft rotating along the center line of the 
cylinder, which throw materials contained in the cylinder 
away from its wall and towara tne cenuS* y 
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forcing axial and radial flows simultaneously on the con- 
tained materials, thereby forming granules. It was also 
discovered that the granulating cylinder must also be 
eguipped with one or more chopping blades on a shaft mounted 
through and perpendicular to the cylinder wall to control 
size of the granules formed. It was found necessary that 
the mixing elements and the choppers be operated during both 
steps of the two-step process. 

Description of t^^e pye^entj^y Preferrecf Embodii^eyit 

The present invention is directed to an is^roved 
method of preparing granular fire retardants for thermo- 
plastic polymers and plastics and to the concentrated fire 
retardant granules prepared by this method. The method 
homogehedusly combines fire' retarding agents in high con- 
centrations with lesser amounts of thermoplastic polymers 
in mixing and solidification steps to form fire retardant 
granules in a mechanically fluidized cylinder. 

In the two-step method of preparing fire retardant 
thermoplastic polymer granules from fire retarding agents 
and thermoplastic polymers, it was discovered that a hori- 
zontal stationary granulating cylinder could be effectively 
used if it contained mixing elements mounted to a central 
shaft which rotatiss along the center line of the cylinder 
and which mixing elements mechanically fluidize materials 
contained in the cylinder by throwing them away from the 
cylinder wall and toward the center of the cylinder, forcing 
axial and radial flows simultaneously on the contained 
materials. These mechanical actions were foxmd to form 
granules. It was further found that for the granulating 
cylinder to be effective, it must be equipped with one, or 
more, chopping blades operating on a shaft mounted through 
and perpendicular to the side wall of the cylinder to con- 
trol particle size of granules formed in -the method. 

In the first of the two steps, a fire retarding 
agent is mixed in the granulating cylinder with a fluid 
thermoplastic polymer at a temperature exceeding the solid- 
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10 



20 



30 



ification temperature of the poly«er until a homogeneous 
^^d »i^e Of fire retarding agent and thermoplastic 

p..^er is^— ^^^^^ ^^^e of fire 

retarding agent and thermoplastic polymer is solidified by 
cLling lo a temperature less than the solidification tern- 
^Ira^re of the thermoplastic polymer. This solidifxcat.on 
L carried out while the mixing elements and the chopping 
blades of the granulating cylinder are continued in opera- 
tion until the fire retardant agent is bound together xn 
^homogeneous granules by a matrix of solid thermoplastic 
polymers. ^^^^^^^ ^^.^rties of fire retarding agents 
Which may be used in the present invention may differ widely 
so long as they may be effectively mixed with the thermo- 
plastic polymers. They may be liquids or melts which are 
solidified by chemical reactions in the granulating cyl^" 
der. They also may be solutions or dispersions which are 
solidified by evaporation of the' liquid. Usually the fire 
retarding agents are finely divided solids which may be 
readily dispersed throughout the thermoplastic polymer. 
Xt has been found that these finely divided solids are most 
effective when they have particle diameters between 1 and 
50 microns. Particles with less than 1 
were difficult to handle and formed clumps in the solids 
l^andling and feeding equipment, while particles with more 
^ 50 microns diameter were less effective and caused 
requirements for more than the optimum amount of fire 

"^"^ '':re's-triazine compounds were found to wor^c espe- 
cially well in the method of this invention because of their 
rlS dispersibility, and the integrity of the -i^^ " 
^Son fire retarding granules formed therefrom. Salts of 
^l a^ alkaline earth metals were also effective fire 
^„g agents. These compounds found to ^f^^J^ 

Lsphates, borates, polyphosphates, silicates, and 

combinations thereof. 
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The instant method surprisingly is effective with 
fire retardant agent concentrations between 5 and 90 percent 
of the total weight of the fire retardant granules. At con- 
centrations above 90 percent, the integrity of the granules 
was reduced to the point that they were powdery and in- 
creased wear on machines melt blending them. Concentrations 
below 5 percent were not high enough to cause most thermo- 
plastic polymers and plastics to rate zero on Underwriters 
Laboratories 94L Test and be rated non-burning. 

10 A variety of thermoplastic polymers may be used 

effectively in the present invention, particularly if their 
solidification temperatures are between 90 and 240°C. Where 
the solidification temperatures are lower than 90*C, the... 
products tend to store poorly and the granules agglomerate. 
Solidification temperatures above 240 sometimes cause 
polymer degradation during the granule forming of the pres- 
ent invention and are undesirable. Thermoplastic polymers 
. found to function well as fluid thermoplastic polymers in 
the present method include polyolefins, polyphenyls, poly- 

20 amides , poly f luorocarbons , polycarbonates , polyurethanes , 
polyethers, polyesters, and polyvinyl idene chloride- 
Aqueous dispersions of thermoplastic polymers were 
found to be particularly effective fluid thermoplastic poly- 
mers for the present invention. These dispersions fit the 
method and provided excellent economics and physical operat- 
ing conditions when they contained between 15 and 60 percent 
thermoplastic polymer and had a solidification temperature 
less than 60 'C. 

The present invention was effective using the 

30 aqueous dispersions only when the water was removed from 

them by evaporation during the mixing and granulation of the 
fire retarding agent and the fluid thermoplastic polymer in 
the granulating cylinder. Temperatures lower than 50 °C were 
found to be ineffective because of low evaporation rates and 
high vacuum requirements, while temperatures above 160 
required very high heat source temperatures which caused 
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It ha. been found that a and co-pletaly hom»- 
™„a„s granular thermoplastic fir. retardant co^ositlon 
Z ZZ by the method of this inv«.tion. Thi. n« =0.- 
. "Ltirls theo.opl..tl= in that it »ft«-d and b~.B. 
pilule as te»p««tur. Incraaaad to«rd th. malting poxnt of 
Si^tUnad th.™pl..ti= pol,.er even with 
Ltion. Of fir. r«arding agents. It "^"""^ 
10 th..a granules were suitable for nelt blending Vith oth«r 
ID thM. grannies „i,.tlo« to infflart fire ratardanoy 

thermoplastic polymers or plastics to nap 

to the thermoplastic polymers and plastics. 

tte best OS. found for the present iavantion is in 
the preparation of fire retarding concentrates. It «as dis- 
that an improved method of preparing fire retar^t 
cLc««rate granules from fire retarding 

tnermoplastic polymers could be achieved in a ^"^^'""^ 
stationary granulating cylinder 
mounted to a c«>tral shaft *lch rot«« along 
20 Tine of the cylinder and which ml:ang elements mechanically 
iSdize matarials contained in the cylinder throwing 
Lm away fro. the wall and toward the center ^-J'^" 
aer. forcing «cial and radial flows simultaneously » the 
contained materials thereby forming granules. In this 
^Ld. it was necessary to control particle size of ^e 
^;s for«d by operating chopping blades on a shaf t^ 
- throu* and p«^=uX«r to the .id. wall of the 

For the present method to be particularly tf- 

30 fective in producing fire 

retarding powder consisting Of particle, with dlM..t«:s 

n«»n.l and 10 microns was r.^lr«.. ^ PO-0- 
::Tfecti™ly used in amount, between .0 and « parent of 
the final fir. retardant conc«.trat. granules. It was 

ttit this tire retarding powder be mixed in the 
^^,TlZ.r With a .olt«. thermoplastic polymer at 
: ::;:^;rt:re between 110 and 22C-C until a ho.og«..ous 
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30 



fluid mixture of the fire retardarit powder and the thermo- 
plastic polymer was formed. 

Then granulation could be achieved by cooling the 
fluid mixture of powder and polymer to a temperature less 
than the solidification temperature of the thermoplastic 
polymer. It was necessary that the mixing elements and the 
chopping blades continue to operate in the cylinder, thereby 
forming and maintaining granules until the polymer solidi- 
fied and bound the fire retarding powder together into homo- 
geneous granules with a matrix of solidified polymer. 

More specifically, an economically preferred 
method was found which used agueous dispersions of thermo- 
plastic polymers to form the matrices of fire retardant 
granules having properties of improved particle integrity, 
in this method, a horizontal stationary grahuliiting cylin- 
der is used which contains mixing elements mounted on a 
central shaft rotating tangentially inside the cylinder at 
a peripheral speed between 200 and 1000 feet per minute to 
throw the materials contained in the cylinder toward the 
center of the cylinder and forcing axial and radial flows 
simultaneously on the contained material and mechanically 
fluidizing it. The granulating cylinder is equipped with 
one or more chopping blades operating perpendicularly to, 
and between, the mixing elements at a peripheral speed be- 
tween 3000 and 6000 feet per minute. With the granulating 
cylinder operating, a finely divided solid fire retarding 
agent having particle diameters between 1 and 10 microns, 
and amounting to between 40 and 85 percent of the fire 
retardant concentrate granules, is mixed with an aqueous 
dispersion containing between 10 and 40 percent of a thermo- 
plastic polymer at a temperature between 25 and 100 "C until 
a homogeneous aqueous fluid mixture of fire retarding agent 
and thermoplastic polymer is formed. Then, while the mixing 
elements and the chopping blades continue to operate, water 
from the fluid mixture of fire retarding agent and thermo- 
plastic polymer is evaporated until water content is between 
0 and 5 percent and the fluid mixture is solidified into 
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,« «,.a«ules in which the fire retarding agent is 
homogeneous granules in wnicn ^.h««n™i astic 

bound together by a matrix of solidxfxed themoplastxc 

polymer. ^^^^^ evaporated from the system by 

external heat sources, such as a steam jacket on the horx- 
:^tal granulating cylinder, and is preferably removed under 

It absolute pressures of between 10 and 200 .xllx- 
^ters of mercury which may be created by simple water rxng 
vacuum pumps, steam jets, or other conventional means^ 
To achieve the desired integrity of the fxre 

4.^=4.<=. rri-anules f roiB the aqiieous dispersions 
retardant concentrate granules rrom -4 

Of thermoplastic polymers, it was found necessary to hold 
the temperature in the granulating cylinder during the 
evaporation and solidification between 80 ^^^.^ 
• The preferred aqueous dispersions of thermoplastic 
polymers for use in the present method were found to be 
pol^lefin, polyanide, polyvinylidene chlor de, P°^-^-' 
. polystyrene, polybutadiene, natural rubber latex, and poly 

A Wide variety of finely divided solid fire re- 
tarding agents could be successfully used with the aqueous 
disperLns in the instant method. The preferred solids 
were powders of melamine, melamine cyanurate. melamine 
phosphate, melamine terephthalate, zinc cyanurate, sodium 
borate, boric acid, halogenated phenols, and alumina tri- 

hydrate. ^ homogeneous granular thermo- 

plastic fire retardant concentrate composition prepared ^o» 
tTZ^ous dispersions and the finely divided fxre retard- 
ing agents by the instant method showed a high d^e^of 
pa!ticle integrity and improved melt blending --^J^ 
Lermoplastic polymers to impart fire retardancy thereto. 

•Rvample 1 

Example 1 demonstrates the two-step method of the 
p^esent invention for preparing fire -ta-ant -^^^^ 
polymer granules from fire reraroiny rm . 
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tic polymers, using an aqueous dispersion of thermoplastic 
polymer to form a thermoplastic matrix around melamine 
cyanurate powder fire retarding agent • 

The granules were prepared in a steam jacketed 
cylinder having a total internal volume of 130 liters. The 
cylinder was 70 centimeters long and fitted with 2 plows 
rotating tangentially, at. 500 rpm, close to the inside wall 
of the horizontally oriented stationary cylinder. The plows 
were shaped and oriented to throw the contents of the cylin- 
10 der away from the walls and toward the center of the cylin- 
der. The cylinder was also fitted with a chopper on a shaft 
operating perpendicular to the internal wall of the cylinder 
at a speed of 3000 rpm, with the chopper blades describing a 
circle of 15 centimeters on the shaft entering the cylinder 
at the 3 o'clock position. The chopper consisted of 4 sharp 
blades attached to the shaft close to the inner wall of the 
cylinder. 

The cylinder was equipped with a vacuum stack, two 
fluid injection nozzles and a solids addition port, all on 
20 the top side of the horizontal cylinder. The center bottom 
side of the cylinder was equipped with a quick opening 
solids discharge port. 

To the cylinder were added, through the solids 
addition port, the ingredients listed as follows: 



• Ingredients lbs 

Polyethylene Aqueous Dispersion, 

30% polyethylene. 25. 0 

Melamine cyanurate, Powder, median 

particle diameter 10 microns _,22..0 

Total 47.0 



Steam was applied to the jacket of the cylinder 
with the plows and choppers operating. The mixing and heat- 
ing was continued until the fluid mixture was homogeneous at 
a temperature of 70 "C, well above the solidification temper- 
ature of the now thick fluid. 
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operation of the plows and choppers was continued 

ot uo^i^'Ts mercury .bsclute i» the oylind«^ ^Th. 

After 22 minu«., «l.tur. VM .l«,Bt ==^1^";^ 
. ^. solldilication potot of the Bi«ore w» higher 
^:^;.r.^^^cyli^r contents had heen shaped into 
"hJ;cr,r.nulas having a narrow particle size range 
„ rt^rfS'^if, actions o, the pi»s and th. chcpp«: and 

rolling along the "'^^f^J'^;^,^, 

The vacutm was termxnatea ana uuw4.x y 

^pUed and the ,r,nul.s. ^^^^^J^^'J';: X 
charaed from the cylinder at a teiaperature of bo , 
^nfsolidification t»perat„re of the fire retardant 

The granules were screened with results shown as 
follows: ' . 

!t;8 

-8+14 8 

-14 +20 

-20 jnesh 

Microscopic e^aiaination of cross --^^^^^ 
^ules Showed tlxe» to be .o»ogex.eous, and ™ 
iTshowed that each particle size range contaxned 74.3 
percent melamine cyanurate. 

Bcarol. 2 d«.on.trates that the co^osition pre- 
^ bv t^T^od of this invention is an effectrv. f xr. 
^ZtZ^T. he readily .alt hlended with other th.r^- 

. »^ditives in the form of 2.5 m X 2.5 ma ex 
fire retarding additives, in ^^g^^der with 25 

traded pieces, was dry blenaea in ba._ - 
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pounds of the concentrated granules from EXconple 1. The 
blend was then continuously fed to a 30 mm Berstorff Twin 
Screw Melt Blender at a rate of 240 pounds per hour, using 
a length to diameter ratio of 33 to 1, 175 rpm, and a tem- 
perature range in the blender from 220 to 258 *C. 

The melt fluid was discharged through dies and 
solidified by strand cooling via brief water contact. The - 
solid strcinds were chopped continuously to produce strong, 
lustrous particles 2.5 mm in diameter and about 2.5 mm long. 
10 The final composition is listed as follows: 

Components Wt % 

Mel amine Cyanurate. . • 8.2 

Polyethylene 2.0 

Nylon-6 88.9 

Total.- . . 100.0 

The blending of the concentrate with the nylon 
in the melt blender produced a homogeneous product with 
substantially the same physical properties as those of the 
untreated nylon. 
20 The original nylon gave a UL-94 test rating of 

burning, while the melt blended product gave a UIi-94 test 
rating of V-0, hon-buming. 

Example 3 

This example demonstrates the method of the pre- 
sent invention using zinc cyanurate powder as the fire re- 
tarding agent and a low melting nylon polymer blend as the 
thermoplastic polymer. 

The stationary horizontal granulating cylinder 
described in Example 1 was used in this example with .the 
30 plows and choppers operating at the speeds indicated. 

To the cylinder was added the dry ingredients as 

follows: 
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lbs 



Nylon Blend, melting point 106 C, 

3 mm X 3 mm particles ••• 77' n 

zinc Cyanurate ■ 

„ ^ T 52.0 

Total 

Steam was /applied to the jacket of the cylinder 
with the plows and choppers operating. Heating and nixing 
were continued until the mixture was fluid and homogeneous 
at a temperature of 140 'C, well above the solidification 
10 temperature of the thick fluid. 

After 10 minutes additional blending to assure 
homogeneity, cooling water was applied to the jacket of the 
cylinder to cool the fluid mixture to a temperature of 41- c, 
well below the solidification temperature of the mixture. 

The contents of the cylinder were discharged from 
the bottom port of the cylinder as semi-spheroid granules 
with a narrow particle size range. Chemical analysis con- 
firmed the charge composition of the product, and micro- 
scopic examination of the cross-sections of the granules 
20 showed them to be homogeneous in composition. 

The granules w^re screened with the results shown 

as follows: 

n s. serfftn Mash Size Mt-i 

^^4 .! 

-4+8 46 

-8 +14 ■'l 

-14+20 • ° 

-20 

The granules were found to haive a high degree of 
30 physical integrity, melt blended with other thermoplastics 
readily, and were rated V-0 when tested by the DL-94 test. 
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1. A two-step method of preparing fire retardant 
thermoplastic polymer granules from fire retarding agents 
and thermoplastic polymers in a horizontal stationary granu- 
lating cylinder containing mixing elements mounted to a cen- 
tral shaft rotating along the center line of the cylinder 
which mechanically fluidizes materials contained in the 
cylinder by throwing them toward the center of the cylinder, 
forcing axial and radial flows simultaneously on the con- 
tained materials, thereby forming granules, the granulating 
10 cylinder being equipped with one or more chopping blades 
operating on a shaft mounted through and perpendicular to 
the side wall of the cylinder to control particle size of 
granules formed, the method comprising: 

(a) mixing in the granulating cylinder a fire retarding 
agent, with a fluid thermoplastic polymer, at a temperature 
exceeding the solidification temperature of the polymer 
until a homogeneous fluid mixture of fire retarding agent 
and thermoplastic polymer is formed; and 

(b) solidifying the mixed fire retarding agent and 

20 thermoplastic polymer by cooling to a temperature less than 
the solidification temperature of the thermoplastic polymer, 
while the mixing elements and the chopping blades of the 
granulating cylinder operate, until the fire retarding agent 
- is bound together in homogeneous grcuiules by a matrix of 
solid thermoplastic polymer. 

2. The method of claim 1 wherein the fire re- 
tarding agent is a finely divided solid exhibiting particle 
diameters between 1 and 50 microns « 

3. The method of claim 1 wherein the fire re- 
tarding agent is one or more s-triazine compounds. 

4. The method of claim 1 wherein the fire re- 
tarding agent is an alkali metal salt selected from the 
group consisting of phosphate, borate, polyphosphate, sili- 
cate, and combinations thereof. 
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5 The method of claim 1 wherein the amount of 
fire retarding agent amounts to between 5 and 90 percent of 
the weight of the fire retardant thermoplastic polymer gran- 



ules. 



6 The method of claim 1 wherein tHe fluid ther- 
moplastic polymer e^its a solidification temperature 

between 90 and 240 'C. . ^ ^^^r- 

7. The method of claim 1 wherein tbe fluid ther- 
moplastic polymer is selected from the group consisting of 
polyolefins, polyphenyls, polyamides, polyfluorocarbons, 
polycarbonates, polyurethanes, polyethers. polyesters, and 
polyvinylidene chloride. 

8. oaie method of claim 1 wherein the fluid 
thermoplastic polymer is an aqueous dispersion containing 
between 15 and 60 percent thermoplastic polymer and exhibit- 
ing a solidification temperature less than 60 -C. 

9. the method of claim 8 wherein the water is 
removed from the aqueous dispersion by evaporation during 
the mixing of the fire retarding agent and tHe fluid thermo- 
plastic polymer in the granulating cylinder at a temperature 

between 50 and 160 'C. 

10. The homogeneous granular thermoplastic fire 
retardant composition prepared by the method of claim 1. 

11 An improved method of preparing fire retar- 
dant concentrate granules from fire retarding agent powders 
and thermoplastic polymers in a horizontal stationary granu- 
lating cylinder containing mixing elements mounted to a 
central rotating shaft which throw materials contained m 
the cylinder toward the center of the cylinder, forcing 
axial and radial flows simultaneously on the contained 
materials thereby forming granules, the granulating cylinder 
being equipped with one or more chopping blades on a shaft 
counted through and perpendicular to the side wall of the 
cylinder to control particle size in the granules formed, 

the method comprising: ^ 

Hixina in the granulating cylinder a fire retarding 
powder. 'exhibiting particle diameters between 0,1 and 10 
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microns and amounting to between 60 and 90 percent of the 
fire retardant concentrate granules, with a molten ther- 
moplastic polymer at a temperature between 110 and 220 'C 
until a homogeneous fluid mixture of the retarding powder 
and the thermoplastic polymer is formed; and 

20 (b) granulating the fluid mixture of fire retsirding 

powder and thermoplastic polymer by cooling to a temperature 
less than the solidification temperature of the thermoplas- 
tic polymer, while the mixing elements and the chopping 
blades continue to operate forming and maintaining granules 
until the polymer solidifies thereby binding the fire re- 
tardant powder together into homogeneous granules with a 
matrix of solidified polymer. 

12. . An improved method of preparing fire retardant 
concentrate granules exhibiting improved particle integrity 
from finely divided solid fire retarding agents and a ther- 
moplastic polymer in an aqueous dispersion, in a horizontal 
stationary granulating cylinder containing mixing elements 
mounted on a central shaft rotating tangentially inside the 
cylinder at a peripheral speed between 200 and 1000 feet per 
minute to throw materials contained in the cylinder toward 
; the center of the cylinder, forcing axial and radial flows 

10 simultaneously on the contained materials and mechanically 
fluidizing the materials, the granulating cylinder being 
equipped with one or more chopping blades operating perpen- 
dicularly to, and between, the mixing elements at a peri- 
pheral speed between 3000 and 6000 feet per minute, the 
method comprising: 

(a) mixing in the granulating cylinder a finely divided 
solid fire retarding agent exhibiting particle diameters 
between 1 and 10 microns and amounting to between 40 and 85 
percent of the fire retardant concentrate granules, with an 

20 aqueous dispersion containing between 10 and 40 percent of a 
thermoplastic polymer at a temperature between 25 and 100 "C 
until a homogeneous aqueous fluid mixture of fire retarding 
agent and thermoplastic polymer is formed; and 
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Cb) evaporating water from the fluid mixture of f xre 
retarding agent and thermoplastic polymer while the mxxxng 
elements and the chopping blades continue to ^--^-^^^^ 
water content is between 0 and 5 percent and the f luxd mx 
tore is solidified into homogene.iiis gi^amules in which the 
fire retarding agent is bound together by a matrix of solid- 
ified thermoplastic polymer. 

13 oaie method of clai^a 12 wherein the moisture 
is evaporated under vacuum at an absolute pressure between 
10 and 200 millimeters of mercury. 

14 The method of cliii 12 wherein the tempera- 
ture in the granulating cylinder during the evaporation and 
solidification is between 80 and 200* C. 

15 The method of claim 12 wherein the thermo- 
plastic polymer of the aqueous dispersion is selected from 
the group consisting of polyolefin, polyamide, polyvinyl- 
idene chloride, polyester, polystyrene, polybutadiene, 
rubber latex, and polyurethane. 

16. The method of claim 12 wherein the finely 
divided solid fire retarding agent is selected from the 
group of powders of melamine, melamine cyanurate, melamxne 
phosphate, melamine terephthalate, zinc cyanurate, sodxum 
borate, boric acid, halogenated phenols, and alumina trx- 

hydrate,. ^. 

17 The homogeneous granular thermoplastic f xre 

retardant concentrate composition exhibiting a high degree 
of particle integrity and improved melt blending with other 
thermoplastic polymers to impart fire retardancy thereto, 
prepared by the method of claim 12. 
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